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The growth of hair appears to be intimately
dependent upon the connective tissue papilla
enveloped by the hair bulb. Lillie and Wang (1)
have shown that the feather of chickens, an
appendage analogous to hair in mammals, fails
to grow when the dermal papilla is removed. Wol-
bach (2) has observed that the matrix of the hair
in mice does not differentiate, nor does prolifera-
tion of hair occur, if the cells of the papilla are
destroyed with benzpyrene or methyicholan-
threne even though the remaining portions of the
pilosebaceous structure survive. Geary (3),
studying the effects of various doses of x-rays on
the growth of hair in rats, found that permanent
epilation results when the hair papila is de-
stroyed.
The integrity of the hair papilla appears to be
equally important to the growth of hair in man.
Permanent epilation of hair by electrolysis or
electrodesiccation, for example, is accomplished
only when the papila is destroyed. Growth in
tissue culture of isolated human scalp hair roots
placed in heterologous hosts can occur, as recently
demonstrated by Crounse and Stengle (4), only
if the papilla is present.
A restudy and re-evaluation of the morpho-
logic changes occurring in piosebaceous struc-
tures in alopecia areata (5) has revealed the pres-
ence in the lower corium of a degenerative process
around the blood vessels leading to the dermal
papilla. Diminution in size and number of cells of
the dermal papifia, apparent on casual inspec-
tion, suggested the possibifity that damage of the
hair papilla was of primary significance in hair
loss in this disease.
The present work was undertaken to ascertain
whether there are normal constant relationships
between the geometric dimensions of the hair
papilla and the matrix of the hair bulb, to deter-
mine whether these might be altered in conditions
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affecting the growth of hair, and if possible to
further relate morphology of the papila to its
physiologic role.
MATERIAL AND METHODS
Specimens of normal 8calp. Biopsy specimens
were obtained, with a 6 mm. hand punch, from
the parieto-oceipital scalp of six adult white
women and one adult white man whose ages
ranged from 24 years to 57 years. None had any
known abnormality of the scalp or hair. The
primary disease in these patients was either
carcinoma of the breast, choriocarcinoma of the
uterus, or basal cell carcinoma of the skin.
Specimens of scalp in alopecia areata. Speci-
mens of bald areas were similarly obtained from
the parieto-occipital scalp of five adult white
women. In one of these patients (K. J.) a speci-
men was obtained of uninvolved scalp approxi-
mately 2 cm. distant from the biopsy site in the
bald area. A third specimen was obtained from
this patient after regrowth of hair had occurred
following three weeks of therapy with prednisone
given orally. This specimen was taken from the
area of scalp previously bald. A specimen of a
bald area and one of adjacent uninvolved scalp
were also obtained from the frontal area of an
adult Negro man. The ages of this group of
patients ranged from 26—45 years.
Specimens of scalp in early male baldness.
Biopsy specimens were obtained from balding
areas of the fronto-parietal scalp in two adult
white men, ages 24 and 43 years. In one of these
patients (J. C.) a second specimen was obtained
from an area of scalp with apparent normal
growth of hair, approximately 2 cm. posterior to
the balding area.
Specimen of scalp following met hotrexate therapy.
Since methotrexate (amethopterin) is known to
interfere acutely with the growth of hair (6), a
specimen of parieto-occipital scalp was obtained
from a 41-year-old white woman (E. C.) twenty-
four hours following a single dose of this drug (10
mgm. per kg. body weight). The primary diag-
nosis of this patient was basal cell carcinoma of
the skin.
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Preparation of tissue. All specimens were fixed
for 24 hours in Cajal's uranium nitrate-alcohol-
formalin solution and embedded in paraffin. All
specimens were serially sectioned at 6 microns
parallel to the skin surface. Five sets of micro-
scopic slides of each specimen were prepared, each
set comprising every fifth cut section and repre-
senting a series of sections 30 microns distant
from each other. The sections of one set of slides
were stained by the Gomori trichrome method;
the remaining sets were left unstained for possible
further studies.
Volume measurements of the hair root. By means
of an ocular micrometer the diameters of the
hair papila and entire hair bulb in the stained
sections were determined microscopically. Since
the cross-section of the hair roots was more fre-
quently oval than round in contour, the diameter
used in further calculations was an average of the
longest and shortest diameter found in each sec-
tion. The hair papila was then considered to be
ovoid in shape, and the segments bounded by
sections 30 microns distant from each other were
considered to represent frustums of a right
circular cone. The volume of each segment was
calculated according to the formula V = ir A
(R2 + Rr + r2), where A = altitude (30 microns),
R greater radius, and r = lesser radius. The
volume of the entire papilla was then the sum of
the volumes of its constituent segments.
The volume of the portion of the hair bulb
between the level of the top of the papilla and
the base of the papilla was similarly calculated.
The volume of the matrix portion of the bulb
was obtained by subtracting from this volume the
volume of the hair papilla. (See Fig. 1 for sche-
matic illustration of these portions of the hair
root.)
Measurement of number of cells in the hair
papilla and mitotic figures in the matrix. The num-
ber of cells in the dermal papilla was determined
by direct counting of the nuclei in each stained
histological section. Since the sections on each
slide represented only every fifth-cut section of
the specimen, the number of nuclei counted was
multiplied by five in order to determine the total
number of cells in the papilla.
Those cells in the matrix that were clearly in
mitotic division were also enumerated by direct
counting and their total number calculated.
Measurements reported in this study include
only those made on anagen (growing) hairs.
Measurements are also confined to roots of
Fm. 1. Schematic representation of hair root.
Portion of hair root studied is bounded by the two
parallel broken lines. Upper limit of the matrix
was arbitrarily considered to stop at the level of
the superior pole of the papilla to facilitate com-
parison of the dimensions of these two structures.
terminal type hairs, not vellus hairs. The mini-
mum depth of hair roots studied was 1.5 mm.
below the skin surface in the specimens of normal
scalp and uninvolved scalp of alopecia. In the
alopecia specimens the minimum depth of roots
studied was 1.2 mm.
BE8UIJFs
Roots of normal anagen scalp hairs. The average
distance between the base of the hair papilla and
its superior pole was approximately 160 microns.
Data on volume and cellular population of the
matrix of the hair bulb and the dermal papilla of
normal anagen hairs are recorded in Table I.
Although hair roots may vary considerably both
in volume and in number of cells, certain quanti-
tative relationships between the matrix and its
papilla appear to be rather constant.
In the average hair root there is a ratio of one
papilla cell per 2.8 X 100 Cu. microns of matrix,
the ranges of this ratio extending from 1.4 X 100
to 3.8 X 100 cu. m The average volume of
the matrix is form e 10 times that of the
papilla (range of 7.6 to 20.3 times). And for each
cell in mitotic division in the matrix, an average
of 8.8 cells is found in the dermal papila (range
of 5—11.5 cells).
The above relationships are recorded in Table
IV and are schematically illustrated in Fig. 2.
Roots of anagen hairs in early male baldness.
(Table II). In the specimen of uninvolved scalp
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TABLE I
Roots of normal anagen scalp hairs
Patient Sex Hairs
VoL Papilla (cu. i X 10') Cells in Papilla '
Range Average Range Average Range Average Range Average
E. C
H. M
G. B
V. S
V. R
Y. N
0. R
F
F
F
F
F
F
M
18
14
8
14
17
6
11
14—520
14—1409
73—1211
21—406
26—950
32—447
10—904
269
594
666
170
317
109
240
200—1370
110—3045
380—2835
185—1730
295—3570
220—1155
160—1220
921
2188
1645
910
1774
433
670
424—4749
683—7473
432—9073
574—5748
530—6567
582—3431
388—5777
2964
5176
5669
3456
2410
1507
2424
30—245
40—290
40—310
65—230
40—425
25—105
33—210
136
170
165
170
167
65
99
Total Average 338 1220 3372 139
J Cells P 8.8 4.6# Mitoses U
FIG. 2. Schematic comparison of normal scalp hair root with roots in alopecias. Diagram of root on
right illustrates change found in alopecia areata following three weeks of prednisone therapy. Numerical
values used in this figure are derived from the total average values listed in Tables I—Ill.
from the patient (J. C.) with early male baldness
the hair roots were comparable in size to those
in the specimens of normal scalp, both in regard
to volume of the matrix and papifia and to
number of cells in the papilla.
In the specimen of balding scalp from this
patient, and in that from the second patient, the
great majority of hairs were considerably smaller
in size than normal. The volume of the matrix
and the volume of the papilla were both dimin-
ished. The papilla contained fewer cells. The
average ratio of the number of cells in the papilla
per mitotic cell in the matrix in one specimen
(J. C.) approximated that found in the speci-
mens of normal scalp. In the other specimen this
ratio was slightly below the range found in the
normals.
It should be emphasized again that the meas-
urements made in this study are confined to
terminal type hairs. Although the roots of ter-
2.8# CeUs P
Vol. M
Vol. P• 10 16 5
2.1 0.4 1.3
8
24.3 7.14
NORMAL EARLX MALE BALDNESS ALOPECIA AREnA STVOID I?YWT
284 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
TABLE II
Roots of anagen scalp hairs in early male baldness
Patient Sex S Hairs
Vol. Papilla (cu. ii X 10') Cells in Papilla Vol. Matrix * Mitotic Cells(cu X 10') I in Matrix
I
Range Average Range Average Range Average Range Average
Uninvolved scalp
J. C. M 15 130-582 348 335-1465 915 2446-7786 4413 65-290 165
Balding scalp
J. C.
C. R
M
M
4
37
15-67
8—71
35
23
120-385
105—395
221
226
308-569
108—1413
398
547
5-45
10—160
26
70
Total average balding
scalpS 29 223 472 48
* J. C. represented twice in this table.
minal hairs in male type baldness may lie con-
siderably higher in the corium than normally,
they are associated with piosebaceous units with
large follicular necks and large sebaceous glands.
Vellus hairs are also present, as in normal scalp,
but their roots extend to a depth generally less
than 1 mm. below the skin surface, and they are
further distinguished by the fact that the pilo-
sebaceous unit from which they arise has a small
sebaceous gland and small follicular neck.
Roots of anagen hairs in alopecia areata. (Table
III). The papilla of anagen hairs in areas of alo-
pecia was found to be smaller in volume, and to
contain fewer cells, than the papilla of anagen
hairs from uninvolved areas of scalp and normal
scalp. Reduction of the volume of the matrix is
disproportionately greater than the reduction in
size of the papilla however. Because of this, as
indicated in Table IV and Fig. 2, the average
volume of the matrix is only three times that of
the papilla, whereas it was found to be ten times
the volume of the papilla in normal scalp. An even
greater reduction was found in the ratio of the
volume of the matrix to the number of cells in the
papilla. The degree of reduction of the volume of
the matrix is paralleled by a proportionate reduc-
tion of mitotic cells in the matrix, with the result
that the number of cells in the papilla per mitotic
cell in the matrix is several fold larger than that
found normally.
Roots of anagen hairs following clinical regrowth
in response to prednisone therapy. Measurements
obtained on anagen hair roots from an area of
scalp that regrew hair in response to prednisone
therapy (patient K. J., Table III) seems particu-
larly important. This area was completely bald
prior to therapy, three weeks earlier. Measure-
ments of the hair roots of both the specimen of
bald scalp and of uninvolved scalp removed at
the earlier date are also recorded in Table III.
Comparison of the data indicates that in response
to prednisone the volume of the matrix and the
number of mitotic cells in the matrix increased
toward values found in hair roots of uninvolved
scalp and normal scalp. The volume of the
papilla, as well as the number of cells in the
papilla, however remained unchanged as indicated
by both the averages and the ranges of these
values. It is perhaps of further interest that the
hair which had regrown in this area promptly fell
out following cessation of prednisone therapy.
Roots of anagen hairs following nwthotrexae
therapy. Roots of twenty-three hairs in a specimen
of scalp obtained from one patient (E. C.)
twenty-four hours following a single intravenous
dose of methotrexite were also measured. The
data suggest that no great change occurred in
the size of the papilla and matrix following this
drug. No further interpretations relative hereto
would seem to be warranted on the basis of a
single specimen. Not one mitotic cell was found
in the matrix of any of the hairs in this specimen,
however, a rather striking alteration since the
matrix of the average anagen hair of this patient
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TABLE III
Roots of ana gem scalp hairs in alopecia areata
Patient Sex S Hairs
Vol. Papilla (cu. p X 10k) S Cells in Papilla Vol. Matri(cu. p X 10) S 5itotic Cellsin atrix
Range Average Range Average Range Average Range lAverage
Uninvolved Scalp
K. J.'
C. B.t
F
M
23
6
21—2680
344—793
804
584
255—4500
1775—2080
2430
1935
118—15137
5440—9372
5514
8349
20—530
265—385
280
325
Bald Scalp
K. J.
C. B.t
M. M
M. S
G. 0
B. W
F
M
F
F
F
F
32
6
9
6
14
7
11—526
157—406
11—36
34—210
9—208
48—435
118
358
21
70
61
162
65—2225
1020—2185
170—330
365—1280
50—1255
550—1620
902
1742
232
730
467
1024
80—1799
153—1145
86—195
56—538
145—1448
96—1213
382
617
141
215
388
465
0—165
0—130
0—30
0—70
0—185
0—60
34
56
16
23
58
24
Total average, bald
scalpS 131 849 368 35
Scalp with regrowth of hair after 3 weeks Prednisone Therapy
K. J. F 25 5—435 155
105—1990
977 79—3270 1244 5—250 126
* K. J. represented three times in this table.
t C. B. represented twice in this table.
TABLE IV
Dimensional relationships between hair matrix and dermal papilla
Condition
Vol. M
5 Cells P
Vol. M S Cells P
S Mitoses 55
Range Average Range Average Range Average
Normal
Early male baldness....
Alopecia areata
(X 103)
1.4—3.8 2.8
1.8—2.3 2.1
0.3-0.8 0.4
7.6—20.3
11.4—24.0
1.7—6.7
10
16
3
5—11.5
3—15
15—40
8.8
4.6
24.3
before methotrexate therapy contained 136 cells
in mitotic division (Table I).
DISCUSSION
Physiologic characteristics of a tissue cannot
necessarily be deduced from its anatomical
characteristics. However, both morphology and
function are often mutually dependent. It may
be possible therefore to make some inferences
about the physiologic relationships of one tissue
to another on the basis of their anatomical rela-
tionships. An attempt toward this end would not
seem unreasonable in the case of the hair and its
papilla.
The growth of a hair is intimately dependent
upon its papifia. it is not surprising then to find
the size and mitotic activity of the matrix nor-
mally to be correlated with the size and number
of cells in the papifia.
To find that the same correlation exists in the
hairs of scalp involved with early male baldness,
where there is considered to be an interference
with the normal growth of hair, would seem to
require some reflection on the nature of this type
of baldness. The word "baldness" and the ex-
pression "loss of hair" are perhaps somewhat
misleading. Loss of hair in male baldness relates
only to the "loss" of the long terminal hairs. The
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follicles that produced these long hairs apparently
are not lost however, but continue to produce
hair that is merely shorter in length and finer in
calibre. This is suggested by the fact that in
specimens of scalp involved with this alopecia,
follicles of both the terminal type and vellus
'type are found in numbers proportionate to the
numbers found in normal scalp. A similar situa-
tion normally exists on the back, for example,
where terminal hairs are predominant but are
small in length and fine in calibre. Vellus hairs
are easily distinguished on the back, however, and
are much shorter and finer than the terminal
hairs (7). Thus it would appear that in male type
baldness follicles that earlier had produced long
and course terminal hairs produce smaller and
finer hairs in successively later growth cycles. In
this sense, therefore, no interference with growth
occurs for, except for size, the hair and hair root
are otherwise normal.
If the assumption is made that the size of a
hair depends upon the size of its papilla, a search
for factors controlling the size of the papilla would
seem to be appropriate in further investigations
of male type baldness.
In alopecia areata the normal correlation
between the dimensions of the matrix and papilla
do not exist, for although both the papilla and
matrix are reduced in size, the matrix is found to
be disproportionately smaller than the papila. In
this disease growth of hair is markedly disrupted,
although reversibly so since the follicle can re-
cover and later produce a normal hair. Sabouraud
(8) has described the attenuation of hair roots
removed from scalp affected with this disease. In
recent work (5) we have found that the hair root
in alopecia areata, although producing a histo-
logically normal internal root sheath, produces a
hair shaft that is diminutive in calibre and is
incompletely keratinized. Perivascular amor-
phous degeneration in the connective tissue stalk
of the hair papilla was also observed. It would
seem likely therefore that damage of the hair
papiila is of primary significance in this disease.
Lillie and Wang (9) have shown that definitive
zones in the papilla of the chicken feather are
responsible for the induction of growth of the
feather. Perhaps destruction or injury of com-
parable zones in the hair papilla in alopecia areata
accounts for the disturbed growth of the hair.
Dillaha and Rothman (10) in 1952 described
the therapeutic response of alopecia areata to
orally administered cortisone. But the mechanism
of action of the adrenal corticoids on the hair root
in this disease remains unexplained. These hor-
mones perhaps exert their beneficial effects by
suppressing the inflammatory cellular infiltrate
surrounding the hair roots, or perhaps by inhibit-
ing the perivascular degenerative process in the
connective tissue stalk of the dermal papilla. In
either possibility, an explanation of the failure
of the hair papilla to return to normal size during
adrenal corticoid therapy is not apparent. The
fact that hair loss occurs following withdrawal of
these hormones may indicate that a primary
physiologic defect, in the damaged hair papila
perhaps, has not been corrected.
The site of action of methotrexate in its total
inhibition of mitosis in the hair matrix is not
evident. Although this drug is a folic acid antag-
onist, it is not known whether inhibition of
mitosis is due to its blocking the action of folio
acid or due to some other effect.
SUMMARY
1. Geometric relationships of the matrix of the
bulb and the dermal papila of anagen (growing)
hairs were studied in serially-cut histological
preparations of normal scalp, scalp affected with
alopecia, and unaffected scalp. Measurements
included volume of the matrix, number of mitotic
cells in the matrix, volume of the dermal papilla,
and number of cells in the papilla.
2. In the normal scalp the volume of the matrix
is found to be approximately ten times the volume
of the papilla. The ratio between the number of
cells in the dermal papilla and the number of
mitotie cells in the matrix is approximately 9 to 1.
3. In early male baldness a proportionate
reduction in size of both the matrix and papilla
occurs, so that the geometric relationships be-
tween the matrix and papilla are similar to those
found in normal scalp. Baldness appears to be
largely due to progressive diminution in the size
of terminal hairs.
4. In alopecia areata both matrix and papilla
are small, but the degree of reduction of the
matrix is greater than that of the papilla.
5. In alopecia areata regrowth of hair with
prednisone therapy is associated with enlarge-
ment of the matrix toward normal size. However,
no concurrent increase in size of the dermal
papilla occurs.
6. Complete inhibition of mitosis in the hair
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matrix occurs following a single dose of metho-
trexate.
7. Certain physiological relationships between
the matrix and papilla may be inferred from their
anatomical relationships.
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DISCUSSION
DR. STuPHEN ROTHMAN (Chicago, Ill.): This
is a brilliant piece of work. Concerning interpre-
tation it is hard to imagine that the cone of the
hair papilla is divided into segments and that
each segment is responsible for the production
of the different epithelial cells of the hair matrix
which in turn produce the different layers of
hair and root sheaths. Maybe the changes in the
papilla are not a primary event in alopecia
areata. The best current explanation for the
therapeutic effect of steroid hormones is the hy-
pothesis that alopecia areata, like sympathetic
ophthalmia, is due to a displacement of melanin
from melanocytes and to a subsequent allergic
reaction with the formation of antimelanin anti-
bodies. If this is so, cortisone and its derivatives
may act as anti-allergic and anti-inflammatory
agents.
DR. Pn'rxn FLE5CH (Philadelphia, Penna.): I
would like to ask whether or not any studies have
been done on the metachromatic material of the
papilla. The idea that the connective tissue
papilla has a guiding influence on the hair fofficle
has been expressed previously (Rothman, S:
Physiology and Biochemistry of the Skin, U. of
Chicago Press, 1954, p. 635) and is one of the
most interesting concepts in investigative derma-
tology.
Dn. ETJGENR J. V Sco'rr (Bethesda, Md.)
(in closing): Of course we have no indication how
steroids work in promoting the growth of hair in
alopecia areata. We entertain the possibility that
they may primarily affect the dermal hair papilla.
The cellular. inifitrate that surrounds and in-
vades the hair root in alopecia areata conceivably
could be a manifestation of an allergic process in
this disease. It would not seem, however, that this
infiltrate develops in response to melanin in the
dermal papilla, displaced from the matrix of the
hair. Such melanin displacement histologically
appears to be a secondary event in the disease
rather than primary.
We have not identified the histochemical na-
ture of the perivascular degeneration, nor do we
know whether these degenerative changes recede
following spontaneous regrowth of hair.
